1. Introduction {#sec1}
===============

Lyme disease is the world\'s fastest growing vector-borne zoonotic disease with cases reported in over 60 countries and endemic foci in North America, Europe, and Asia ([@bib136]). The World Health Organization ([@bib136]) reports that the risk is generally low except for those travelling to rural areas, particularly campers, hikers, and workers in countries or areas at risk. However, this assessment may give a false sense of security for people working or travelling in areas where the risk of Lyme disease is uncertain and it may breed complacency amongst those responsible for occupational, travel, or public health.

The northeastern United States is traditionally defined as the endemic global center for Lyme disease and the public health risk is highest in this area. In 1982, systematic surveillance for Lyme disease was initiated by the U.S. Centers for Disease Control and Prevention ([@bib126]), with 11 states reporting 491 cases. In 1990 a standardized case definition was approved and by 2012, the number of cases reported had increased over 200 percent ([@bib127], [@bib17]). The [@bib126] states that only 10 percent of Lyme disease cases are being recorded which translates into approximately 300,000 estimated cases in the United States each year ([Fig. 1](#fig1){ref-type="fig"} ). A majority (95 percent) have been concentrated in the northeast, yet cases have been reported in every state and in many countries around the world and their geospatial analysis reveals that Lyme disease has extended well beyond traditionally defined endemic areas ([@bib127], [@bib27]). Lyme disease case rates have been increasing exponentially at the global scale while in the United States it has become the number one and most medically significant vector-borne infectious disease ([@bib1], [@bib98]). While it is possible to surmise that better diagnostics and increased reporting are responsible for case rate trends in the United States and other parts of the world, case rates vary because of social, environmental, and economic variables such as climate and ecological change, tick and host species range expansion, human demographics and behaviour, land use patterns, clinical practice, disease reporting standards, surveillance technologies, and true incidence ([@bib25], [@bib48], [@bib62]).Fig. 1Annual Lyme disease cases in the United States 1982--2012.

Lyme disease is caused by *Borrelia burgdoferi* -- a bacterial pathogen transmitted to humans through the bite of an infected tick. The pathogen is sylvatic; meaning that it cycles between wild animal hosts and vectors. Humans are not the primary host and as such are usually incidental or dead-end hosts. Although the symptoms have been observed since the 19th century, it has only been 30 or so years since the etiological agent and the primary vector(s) for Lyme disease were recognized and their medical significance reported. The infection is characterized by a distinctive bull\'s eye rash that occurs in 60--80 percent of patients ([@bib123]). From the early symptoms of fever, headache, muscle and joint pain to the more serious symptoms such as cognitive impairment, cardiac abnormalities, arthritis, and paralysis, the impacts on individual health are noteworthy ([@bib135]). Diagnosis is completed through a clinical examination and confirmed through serological tests and treatment consists of oral or intravenous antibiotics. Currently, there is no vaccine available for human use but several are available for veterinary use ([@bib130]).

Although the medical and scientific communities have been pursuing the problem for years, tourism has been slow to recognize that Lyme disease can affect both tourism supply and demand. In the supply context, outdoor workers in endemic areas are at increased risk because of their frequent exposure to ticks and tick habitat ([@bib96]). Antecedent studies have established that outdoor workers are up to 10 times more likely to be infected than the general population ([@bib12], [@bib116]). Given that a proportion of individuals employed in the tourism, parks, and outdoor recreation sectors are required to spend some to all of their time working outdoors, the potential threat to individual and industry health is cause for concern. For those infected, days to weeks of sick time may be required to complete treatment and the medical costs can be significant. In addition to the social costs, the U.S. Department of Labor reports that workplace illnesses have a major impact on an employer\'s economic sustainability and profit margin. The annual number of nonfatal illnesses has been estimated at 430,000 with direct cost of \$12 billion and indirect costs of approximately \$100 billion ([@bib74]). Direct costs include workers\' compensation payments, and it is estimated that employers pay \$1 billion per week for direct workers\' compensation costs ([@bib128]). Workers\' compensation covers less than 25 percent of these costs, so all members of society share the economic burden. Indirect costs include but are not limited to training replacement employees, implementation of corrective measures, lost productivity, and costs associated with lower employee morale and absenteeism. The direct medical costs associated with Lyme disease in the United States are estimated at 2.5 billion dollars annually but the true cost of Lyme disease is the profound impacts on personal health and well-being ([@bib76], [@bib77], [@bib140]).

From a demand perspective, the WHO reports that the risk to those travelling to endemic areas of the world is generally low but nonetheless, they warn travellers to avoid tick-infested areas and tick exposure on their dedicated Lyme disease webpage for international travellers (<http://www.who.int/ith/diseases/lyme/en>). When outdoor activities are planned during a trip to an endemic area for tick-borne disease, a tourist is at risk and the WHO\'s assessment can be misleading ([@bib33], [@bib57], [@bib104], [@bib116]). Their risk can be magnified because tourists may not have all of the necessary information or access to resources that would enable them to make informed decisions regarding Lyme disease prevention before and during travel ([@bib66], [@bib68]). For tourists who are aware of health risks before choosing a destination, [@bib119] and [@bib71] report that perceived risk can be a strong predictor for avoiding certain regions or changing travel plans. [@bib29] report that the macroeconomic consequences of a health threat or crisis are highly sensitive to demand-side effects such as the reductions in international tourism and leisure activities that result from elevated risk perceptions. For example, during the severe acute respiratory syndrome (SARS) pandemic, traveller\'s health risk perceptions had a significant effect on international tourism demand. Over 8000 cases and 774 deaths in 26 countries were reported in 2003 with a majority of cases occurring in Asia ([@bib134]). The initial spread of SARS was exponential with predictive models showing that if uncontrolled, a majority of people would become infected wherever it was introduced ([@bib31]). Air travel to areas affected by the advisories decreased dramatically during the epidemic ([@bib72], [@bib139]). In East Asia, tourist arrivals dropped by 41 percent during the month of April compared to the same period in 2002, with China, Hong Kong, Singapore, and Vietnam reporting the greatest losses ([@bib100], [@bib133]). Growth of the broader travel and tourism economy, which measures visitor spending and capital investment around the world, slowed to 2.9 percent down from 5 percent in previous years and international arrivals fells 1.2 percent ([@bib137]). While Lyme disease is certainly not a pandemic and it cannot be spread person to person, like SARS and other infectious disease risks, it can prompt fear and anxiety that most certainly can affect a traveller\'s perceptions and by extension; it can affect their travel choices and behaviours ([@bib10]).

[@bib59] national survey of American risk perceptions regarding ticks and Lyme disease found perceived risk to be a predictor of behavioural change. Those who had seen ticks, had heard about Lyme disease, were concerned about being bitten, or knew someone who had Lyme disease were more likely to engage in tick-bite prevention such as avoiding tick habitat and wearing insect repellent. [@bib13] research confirms that higher risk judgements encourage people to engage in protective behaviour, indicating a causal relationship between perceived risk and behaviour modification. Although empirical research has yet to confirm as much, Lyme disease beliefs and attitudes have likely been having an impact on the decision-making processes and behaviours of outdoor workers, recreationists and travellers ([@bib54]). Knowing that Lyme disease poses a real and growing threat to the tourism industry, the purpose of this paper is to first, review the scientific literature to identify Lyme disease risk factors and second, to critically assess the implications for tourism management.

2. Literature review {#sec2}
====================

A search for scholarly journal articles about Lyme disease was performed using PubMed, ProQuest Global, and Google Scholar on July 6, 2013. The search parameters were narrowed to identify articles where "Lyme disease" occurred in the title then additional words were added to winnow down the results to relevant articles: "travel", "tourism", "recreation(al)", "park(s)", "occupation(al)", "risk", and "prevention" ([Table 1](#tbl1){ref-type="table"} ). No temporal restrictions were used. After removing duplicates, 132 unique scholarly articles were identified and reviewed.Table 1Journal article search results.Lyme diseasePUBMEDProQuest globalGoogle scholarTotal (duplicates removed)352450953840*AND*Tourism0000Travel0000Recreation(al)1344Park(s)2747Occupation(al)1333Work(er)1121212Risk(s)26576868Prevention3578282  Total (duplicates removed)132[^1]

The search for articles with "Lyme disease" and "travel" or "tourism" resulted in 0 articles in all three search engines. The fact that Lyme disease has not been examined in the context of tourism and travel is no surprise because the tourism domain has not traditionally focused the research lens on health risks. There is a research and knowledge gap regarding health risk generally and Lyme disease specifically, as well as their potential and real impacts on the tourism industry. It should be noted that a similar PubMed search using "tick-borne disease" and "tourism" yielded 15 papers dealing with other tick-borne diseases that occur independent of or in conjunction with Lyme disease. *Anaplasma*, *Babesia*, *Bartonella*, *Ehrlichia*, and *Rickettsia* for example, may be just as significant as Lyme disease in some parts of the world yet they are equally underappreciated in the travel and tourism context. These papers were consulted in the preparation of this paper and they are also included in the analysis that follows.

When "recreation/al" and "parks" was added to the search, 7 articles were identified, 5 of which were case or exploratory studies of *Ixodes scapularis* tick populations and their hosts in select recreational parks in Canada ([@bib84], [@bib114]), Italy ([@bib22]), and the United States ([@bib25], [@bib33], [@bib73]). Two articles surveyed parks visitors ([@bib53]) and recreational destination workers ([@bib105]) about their Lyme disease knowledge, tick-exposure, tick-bite prevention behaviours and/or clinical history with the disease. Of the 13 articles where "occupation(al)" or "work(er)" appeared, the majority were seroprevalence studies of individuals working in the forestry, parks, land management, and agricultural sectors in various locations around the world (e.g. [@bib18], [@bib44], [@bib50], [@bib87], [@bib116], [@bib120]). One study from the United States reported the results of a survey of workers regarding their knowledge of Lyme disease and their behaviour regarding tick-bite prevention ([@bib113]) and one article provided a comprehensive review of the occupational risks ([@bib96]). Over 60 articles were found that contained "Lyme disease" and "risk" in the title. A majority of these articles assumed a natural science perspective (i.e. epidemiology, medicine, microbiology, and zoology) and reported on the spatial and temporal factors affecting ticks, the causative agent -- the Borrelia pathogen(s), host species, environment, and human exposure (e.g. [@bib5], [@bib43], [@bib49], [@bib79], [@bib90]). A minority of the papers focused on behavioural risks and a review of these papers revealed a consensus that human exposure to ticks is the central risk factor for infection (e.g. [@bib27], [@bib36]) while knowledge and prevention act as risk mediators (e.g. [@bib83], [@bib117]). Articles that contained the key word "prevention" did so primarily as a recommendation for public agencies responsible for reducing the burden of infection. [@bib98] and [@bib101] provide a review of Lyme and tick-borne disease prevention strategies and [@bib85] provide a review of education and communication interventions to prevent tick-borne disease. A critical synthesis of this body of research was completed to identify Lyme disease risk factors as they have potential implications for tourism management. It is the aforementioned factors -- exposure, knowledge, and personal protection behaviour - that comprise the discussion in the sections that follow.

3. Results {#sec3}
==========

3.1. Tick exposure {#sec3.1}
------------------

*I. scapularis* or the blacklegged tick is the primary vector for Lyme disease in the United States. In the United States and other areas of the world, dozens of tick species have been implicated in the spread of Lyme and Lyme-like *Borrelia* pathogens to humans and animals (e.g. [@bib6], [@bib14], [@bib19], [@bib20], [@bib56], [@bib82], [@bib88], [@bib99], [@bib97]). Epidemiological studies have explored the relationship between ticks, climate, seasonality, host species, and disease risk in a variety of local or regional contexts (e.g. [@bib32], [@bib121], [@bib132]). Predictive models have been developed using remote sensing, satellite imagery, geographical information systems, and advanced statistical analysis (e.g. [@bib25], [@bib27], [@bib131]). The research indicates that vegetation and climate are the two central predictors of suitable/unsuitable habitats for tick species and it is therefore possible to identify high-risk areas and potential emergent areas for Lyme disease. The areas with the highest risk for human exposure are those that contain suitable tick habitat, ticks capable of transmitting the Lyme disease pathogen, and have high host activity ([@bib47], [@bib110]).

Empirical approaches have laid the groundwork for a better understanding of the relationship between environmental factors and tick distribution. However, they fail to account for the vital role that human behaviour plays in the disease transmission process. The global increase in interaction between humans and wildlife through population growth, economic development, and an increasingly mobile society that brings people into endemic areas for work and leisure is amplifying personal risk ([@bib70], [@bib103], [@bib108]). The rapid expansion of the tourism industry and air travel is of concern as the importation of pathogens and vectors by travellers (purposefully or not) and specifically ticks and tick-borne disease pathogens is a real threat to human and ecological health (e.g. [@bib26], [@bib51], [@bib61], [@bib112]).

European case reports demonstrate statistical relationships between outdoor recreation in tick-infested forests and tick-borne disease infection (e.g. [@bib24], [@bib67], [@bib121]). Early case studies in the United States failed to show a significant increase in risk associated with outdoor recreation (e.g. [@bib12], [@bib17], [@bib33]) but [@bib116] research found that persons who had spent more than 30 h per week in outdoor activities in endemic areas were 2.5 times more likely to test positive for Lyme disease. Since the 1980s, a small body of literature has evaluated the occupational risk for Lyme disease. In New York, Schwartz and [@bib44] confirmed that Lyme disease is a hazard of outdoor work and a study in New Jersey found that outdoor workers were nearly five times more likely to have contracted Lyme disease than indoor workers ([@bib12]). In the broader international and tick-borne disease contexts, the research shows similar relationships between tick exposure and infection. In Lithuania, [@bib86] report that those at highest risk for a tick-borne disease (established through seropositivity testing) are outdoor workers (32 percent tested positive/*N* = 6187). Recent case studies in Europe (e.g. [@bib7], [@bib11], [@bib39], [@bib63]) confirm that ticks, Lyme and other tick-borne disease pathogens are common across Europe and they pose a significant occupational risk to outdoor workers. Two studies in Poland involving serological testing of both ticks and humans confirmed that those who perform work in forest environments are regularly exposed to tick-borne disease pathogens and as such, are at a higher risk of infection. Two Dutch studies of Lyme disease seroprevalence in outdoor workers showed a statistically significant risk (OR, 3.7; 95 percent CI, 1.5--9.7 and OR, 15.0; 95 percent CI, 5.5--42.0) relative to the control group ([@bib69], [@bib15]). In 2002, [@bib96] published a meta-analysis of articles on the occupational risk of Lyme disease and report that the scientific evidence demonstrates that those who work outdoors in endemic areas are at an increased risk for contracting Lyme disease because of their exposure to ticks. It is evident in this body of literature that exposure to ticks is the single most significant human risk factor and the first line of defence against tick bites should be avoidance of these areas completely or seasonally (during periods of high tick activity), or where appropriate, control of the tick population. Given the geospatial expansion of tick species, increasing human mobility and encroachment into tick habitat, and the attendant expectation that future interactions between humans and ticks are likely to increase, vigilance and on-going monitoring is required as new and extant tick-borne pathogens pose potential threats to public health.

3.2. Lyme disease knowledge {#sec3.2}
---------------------------

Lyme disease risk is magnified when individuals are not aware of the risks, do not mitigate risks, are not familiar with infection signs and symptoms, and do not know where to seek information or support ([@bib23], [@bib113]). It is widely accepted that knowledge plays an important role in mediating Lyme disease risk as it is a pivotal precursor to preventative behaviour ([@bib96], [@bib101]). [@bib59] national survey found that a majority of Americans know about ticks and the risks they present to human health. In the tourism and recreation context, [@bib53] found that over 80 percent of people surveyed at three state parks in New Jersey reported knowing about Lyme disease and could name at least one bite prevention strategy ([Table 2](#tbl2){ref-type="table"} ). In recreational and agricultural settings in Poland, [@bib7] found that workers do not know about the health risks associated with ticks and they are not protecting themselves against tick bites while at work. In the forestry sector, [@bib18] found that workers possess only basic tick-borne disease knowledge. In France, a study of nearly 3000 outdoor workers revealed that a majority would like to have access to educational materials so that they can make informed decisions about tick-bite prevention ([@bib122]). It is difficult to draw conclusions on the basis of the limited study of Lyme and associated tick-borne disease knowledge, but the literature suggests that knowledge varies geographically and although it has not yet been correlated, it may be that knowledge is higher in areas where Lyme and/or other tick-borne diseases are endemic and therefore the risk is higher and investments in educational interventions may be greater.Table 2Personal protection recommendations for preventing Lyme disease.Avoid tick areas▪Become informed of the location of Lyme disease endemic areas and outbreaks▪Avoid tick habitat such as wooded and bushy areas with high grass and leaf litter▪Take extra precaution in the spring and summer -- high season for ticks in temperate regions▪Walk in the center of trails and avoid the areas where grass and woods meet▪Contact the local health department for more information  Avoid direct contact with ticks▪Apply insect repellent with 20 percent DEET to skin▪Apply Permethrin to clothing (kills ticks on contact but is not recommended for direct skin application)▪Wear long pants, sleeves, socks, and closed-toe shoes▪Tuck in clothing▪Wear light coloured clothing to make it easier to spot ticks▪Use tick medicine or collars on pets  Perform tick checks▪Check your body, others, and pets for ticks after being outdoors▪Remove ticks before going indoors▪Use proper tick removal technique -- i.e. wear gloves to avoid tick fluids, grab tick close to the skin with tweezers and pull gently.▪Wash your clothing in hot water immediately upon going indoors▪Bath or shower in hot water upon going indoors▪Seek medical attention if a bite is suspectedAdapted: [@bib123].

In the latter case, the science appears more developed and it suggests that educational interventions do influence an individual\'s Lyme disease knowledge. For example, [@bib46] evaluated resident behaviours following an intensive community-wide education program and found that 99 percent were aware of the risks and were taking steps to prevent tick exposure. [@bib47] assessed knowledge of Lyme disease among a sample of students before and after an educational intervention and found that general knowledge of ticks and Lyme disease improved. [@bib65] found that knowledge of tick removal and the signs and symptoms of infection improved following a one-on-one educational intervention by a physician. [@bib78] measured the impact of a Lyme disease education program for children in the United States and found that participants had more knowledge of ticks and more confidence in their ability to do a tick check. [@bib38] reports that individuals were more knowledgeable about wearing protective clothing following an educational intervention while knowledge of other personal protection measures was not significantly changed. This body of work provides empirical evidence that the communication of objective and clear messages about tick-borne disease and tick exposure can be effective for increasing public knowledge as well as an individual\'s ability to make informed decisions about personal protection. Concomitantly, prevention investments specifically targeted at increasing public knowledge are an important risk mediator because knowledge can empower the individual to choose to engage in personal protection behaviours. Not knowing about Lyme disease is most certainly a risk factor for those living or visiting endemic areas for work or leisure.

3.3. Personal protection behaviour {#sec3.3}
----------------------------------

It is widely accepted in the health risk literature that behaviour plays an important role in minimizing disease risk ([@bib44]). Behavioural modification related to lifestyle, hygiene, and personal protection is the primary method for the prevention of infectious diseases where prophylactics are unavailable. For example, Noroviruses are the most common cause of epidemic gastroenteritis on cruise ships and they are responsible for at least 50 percent of all gastroenteritis outbreaks worldwide ([@bib45], [@bib52]). Hand hygiene (washing with soap and water) is the single most important method for preventing infection and controlling transmission ([@bib52]). To prevent mosquito-borne infectious diseases such as Dengue fever and West Nile virus, personal protection through the use of insect repellents and the avoidance of outdoor activity during peak mosquito feeding times is recommended in conjunction with community-based chemical and biological control investments ([@bib106]). In the case of Malaria, the use of insecticide-treated bed nets has been shown to minimize human-vector contact and the incidence of infection by up to 50 percent ([@bib16]).

In the absence of a Lyme disease vaccine for human use, the [@bib126] recommends personal protection measures for avoiding tick bites and infection: (1) avoid tick areas; (2) avoid direct contact with ticks; and (3) remove ticks from your body ([Table 2](#tbl2){ref-type="table"}). If tick habitats cannot be avoided, there are simple things that individuals can do to minimize the risk for tick bites and pathogen exposure (see [Table 2](#tbl2){ref-type="table"}). Wearing protective clothing mechanically decreases direct skin exposure and wearing light-coloured clothing makes it more likely that the tick will be detected and removed before it finds a feeding site ([@bib40]). Repellents containing DEET (N, N-diethylmeta-toluamide) applied to skin and permethrin-based insecticides applied to clothing have been shown to effectively decrease the risk of tick bites and they are reasonably safe to use ([@bib93], [@bib98]). Recently, [@bib129] evaluated the protective effectiveness of factory-based and long-lasting permethrin (insecticide) treated uniforms among a cohort of outdoor workers in North Carolina. The incidence of work-related tick bites reported by the treatment group was significantly lower than the control group and the treated uniform prevented 95% of tick bites. The results indicate that long-lasting permethrin impregnated uniforms can be highly effective for deterring tick bites for up to one year.

If a tick bite should occur, the tick should be removed using the proper technique of grabbing the tick close to the skin and pulling gently upward with tweezers (tick removal guide: <http://www.cdc.gov/ticks/removing_a_tick.html>). The tick should be saved in a sealed container and provided to a physician for testing when the victim seeks medical attention ([@bib30], [@bib40]). In this regard, knowing the early signs and symptoms of infection are important for early diagnosis and treatment (Symptom guide: <http://www.cdc.gov/ticks/symptoms.html>). It is important to note that not all bites will result in infection because not all Lyme disease transmission-capable ticks carry the pathogen. And, the public health risk for Lyme disease is affected by spatiotemporal patterns of the tick vector, its life stage, preferred host species (i.e. mice, deer), as well as seasonality, climate, and a range of other environmental factors ([@bib2], [@bib28], [@bib91], [@bib102], [@bib111]).

It is equally important to note that while numerous personal protection strategies have been recommended by public health authorities ([Table 2](#tbl2){ref-type="table"}), they vary in cost, acceptability, and effectiveness, and their uptake has been universally poor ([@bib21]). Research in areas where Lyme disease is endemic has demonstrated that despite adequate knowledge about its symptoms and transmission, individuals are not taking action to protect themselves from the risk of infection. In the tourism and recreation context for example, [@bib53] reported that over 80 percent of visitors surveyed in New Jersey state parks could name at least one tick bite prevention measure but a majority (60 percent) took no precautions. [@bib115] study of residents and visitors to Martha\'s Vineyard in Massachusetts found that knowledge about Lyme disease alone was not a predictor for protective behaviours and visitors were less likely to protect themselves than residents. A similar study conducted ten years later found that visitors to Nantucket (located next to Martha\'s Vineyard) were significantly more likely to take precautions when visiting if they had been exposed to a Lyme disease education program while on the ferry to this island destination ([@bib23]). In the United Kingdom, a study of early Lyme disease patients found that participants were more likely to perform tick checks, monitor for symptoms, and seek medical attention after a countryside visit (i.e.) rather than take precautions before and during the potential exposure ([@bib81]). Those who regularly frequented the countryside were the least likely to perform during-visit precautions ([@bib81]). [@bib59] national survey of Americans found that despite knowing about Lyme disease risk, a majority (60 percent) of those surveyed were not taking action to prevent tick bites. Conversely, [@bib46] study of knowledge, attitudes, and behaviours of Connecticut residents -- a highly endemic area of the United States, found that 84 percent knew some to a lot about Lyme disease, 56 percent felt they were very or somewhat likely to get Lyme disease in the coming year, 99 percent used personal protective behaviours to prevent Lyme disease, and 65 percent reported using environmental tick controls (e.g. pesticide application on personal property).

In the occupational context, "Adherence to National Institute for Occupational Safety and Health-recommended tick bite prevention methods is poor" in the United States and the same is suggested in the literature for other parts of the world ([@bib129]: 473). In Poland for example, [@bib18] found less than 30 percent of the forestry workers they surveyed were practising tick-bite prevention. [@bib7] found that high-risk workers do not possess knowledge of the potential consequences of a tick bite, are unlikely to take protective measures beyond insect repellent application, and those from urban areas were less likely to protect themselves. The mixed results from the study of residents, visitors, and outdoor workers suggest that a variety of factors are influencing the adoption of personal protection and that more research is needed to better understand how they vary spatially, temporally, socioeconomically, or otherwise ([@bib8]).

A limited number of controlled trials have attempted to empirically measure the relationship between knowledge, tick-bite prevention, and seropositivity (laboratory confirmed measure of infection). [@bib23] conducted a randomized trial of a Lyme disease educational program whereby approximately 30,000 visitors to Nantucket - a high-risk area in Massachusetts, were provided with educational materials before arriving. After their visit, study participants reported their tick-bite prevention while in Nantucket and provided a blood sample for serological screening. The study found that visitors who were knowledgeable about Lyme disease were significantly more likely to practice tick-bite prevention during their visit and were also significantly less likely to be infected with Lyme disease during their stay. At 2 months post visit, 144 participants self-reported that they had been infected with Lyme disease and 43 of these were confirmed by physicians. The analysis showed lower rates of self-reported illness among those who received educational materials and long-term visitors (\>2 weeks) were more likely to have lower relative risk than short-term visitors. Similarly, [@bib80] assessed the impact of a Lyme disease educational campaign in Maryland and found a significant difference between the intervention and non-intervention control group in terms of knowledge and the self-reported use of prevention methods but no significant serological difference between groups was observed. In their study of outdoor workers in New York State, [@bib113] found that when workers were knowledgeable and they practised personal protection, the occupational risk for Lyme disease infection was significantly diminished (as measured by tick exposure odds ratios). A recent study looked at a variety of environmental and behavioural/personal risk factors for seropositivity and found that exposure and age were associated with positive Lyme serology and wearing protective clothing was significantly associated with negative serology ([@bib35]).

This lean body of literature suggests that taking action to prevent tick bites before, during, and after visiting a natural and/or known tick area (see [Table 2](#tbl2){ref-type="table"}) can be effective for preventing Lyme disease and that knowledge is a precursor to the adoption of personal protection behaviours ([@bib9]). This finding is congruent with theoretical explanations found in the health education literature. The Health Belief Model was one of the first theories of health behaviour and it remains one of the most widely recognized and applied in the field. The model suggests that an individual\'s readiness to take action, is influenced by their beliefs about their susceptibility to a health threat, perceptions of the benefits of taking action to prevent it versus the perceived barriers to taking action, and confidence in their ability to take action (self-efficacy) ([@bib109]). This model has been used to better understand an individual\'s decision-making and behaviours related to infectious disease risk (e.g. [@bib42], [@bib55], [@bib64]) and recently it has been shown to be useful for understanding the grey area between tick-borne disease knowledge and personal protection behaviour (e.g. [@bib8], [@bib9]). In the same vein, the theory of planned behaviour posits that behaviour can be deliberative and planned and that an individual\'s attitude toward a behaviour, the perceived control they have over a behaviour, as well as normative beliefs and subjective norms act to shape an individual\'s behaviours ([@bib3], [@bib4]). Theory of reasoned action suggests that a person\'s behaviour is determined by his/her intention to perform the behaviour and that this intention is, in turn, a function of his/her attitude toward the behaviour and his/her subjective norm ([@bib37]). The difference between these two theories being that the former suggests that attitude and control are predictors of behavioural intention and action while the later suggests behavioural intention is the most important determinant of behaviour ([@bib75]). While knowledge about a health threat is a precursor to an individual\'s transition from knowledge to action, there are numerous theories and models that posit a variety of factors to explain the adoption \[or not\] of health risk prevention behaviours. Concomitantly, it must be acknowledged that theories such as these do not capture or model the complexity of behavioural change in the context of health and wellbeing. If it were a simple equation (e.g. increased knowledge of health risk = behavioural change), then nearly everyone would lead healthy lifestyles, they would protect themselves against health risks, and many illnesses would be non-existent. However, it is not as simple as a linear or causal relationship and there are many factors that affect health behaviour. For example, [@bib81] and [@bib9] report that individuals don\'t comply with tick bite prevention recommendations because they interfere with their enjoyment of the outdoors (e.g., they refuse to wear long clothes on a hot day), they believe the risk of tick bites is low (perceived susceptibility), they do not believe that the recommendations are effective (e.g., insect repellent does not always prevent bites), and they are not confident in their ability to identify a tick or a tick bite. In this case, an improved understanding of the individuals and segments at risk for Lyme and other tick-borne diseases as well as the factors that do or do not influence their behaviours is needed to inform the development of targeted and tailored public health interventions ([@bib8], [@bib9], [@bib85]).

4. Tourism management implications and recommendations {#sec4}
======================================================

The epidemiological evidence is strongly indicative of a cause-effect relationship between tick exposure and Lyme disease infection. Although the science is embryonic when it comes to the relationship between knowledge, personal protection behaviour, and Lyme disease risk, it certainly suggests that these factors can act as risk moderators and mediators. Short of major changes in tick ecology, vaccine availability, tick control, and human behaviour, predictive models suggest that Lyme disease will continue to be a public health threat in an increasing number of areas around the world. When we examine this issue through a tourism lens, it is clear that Lyme disease is posing a real and growing threat to both supply and demand in endemic and emergent areas of the world.

Decisions regarding the primary prevention of vector-borne diseases such as Lyme disease are as a matter of course, made at the national, state, or regional level and do not involve tourism industry stakeholders but should. In the past, a plethora of methods for large-scale Lyme disease prevention including vaccines, biological and chemical tick control methods have been adopted by government agencies at a variety of scales ([@bib40]). In 1998, the United States Federal Drug Administration (FDA) approved the LYMErix™ vaccine and the CDC Advisory Committee on Immunization Practices (ACIP) recommended vaccination for those living in high risk areas ([@bib89]). Although it was shown to reduce new infections in vaccinated adults by 76 percent, the manufacturer voluntarily withdrew the product from the market in 2002 amidst reports of side-effects, a government investigation, a class-action lawsuit, negative media coverage, and declining sales ([@bib89]). In the absence of a human vaccine, a variety of chemicals have been used to reduce the overall tick population but the effect has proven short-lived, their use impractical on a large-scale basis, and chemical resistance has been observed in tick species ([@bib41]). Wildlife management has been explored as a less-toxic alternative but attempts to limit the primary host population through hunting, landscape modifications, and movement restrictions (e.g. fencing) have produced mixed results and they too are impractical on a large-scale basis ([@bib60], [@bib98]). While these interventions may have blunted the tick population and pathogen lifecycle, "they have clearly not been sufficient to lower the number of \[Lyme\] cases, and the epidemic continues to gain momentum" ([@bib58]: 2424). Given that these efforts have not yet achieved the desired end, [@bib130]: 161) argues that "The achievement of the full potential of vaccination, the application of biocontrol agents and the coordinated management of the existing technologies all pose challenging research problems." With an eye to the future, scholars are expressing hope that the development and application of new scientific tools and technologies (i.e. molecular techniques) will have the capacity to revolutionize tick control methods and policies into the future or better yet, they will manifest an effective human vaccine ([@bib40], [@bib118], [@bib130]).

In the absence of such a vaccine or other suitable prophylactic and effective tick control methods, [@bib98]: 336) argue that Lyme disease education is the single most important area in which public health agencies, employers, and other stakeholders can invest to reduce the burden of infection. They argue that the next logical step in prevention is to "Ensure ready access to objective information empowering the individuals de facto responsible for control of ticks and tick-borne diseases to make rational and informed decisions regarding their personal risk of exposure to tick-borne pathogens and to take appropriate actions to mitigate risk of tick bites and pathogen exposure." In the United States for example, the CDC has an active tick-borne disease prevention program with a dedicated focus on Lyme disease and many state health agencies have developed similar public health education programs. However, they fail to account for the unique characteristics of tourists who may not be familiar with the local area and health risks, and they are unlikely to know where to seek local health risk information. The implications are such that the tourism industry and the tourists upon which it depends are left vulnerable to the real and perceived risk of Lyme disease.

Perhaps it is best that disease prevention be left in the hands of public health experts, but this does not negate the role that tourism bodies can play, in partnership with public health and other organizations, to address the growing Lyme disease problem in many parts of the world. It is recommended that tourism industry associations, destination management organizations (DMO), and convention and visitors bureaus (CVB) for example, represent the industry\'s unique interests, characteristics, needs, and concerns in the public health decision-making forum at national, state, and regional levels (e.g. form a task group). And it is important that these same industry stakeholders assume a leadership role in the dissemination and operationalization of any public health interventions that affect those providing travel and tourism services and those consuming them.

When considering the day-to-day management of tourism in high-risk destinations and emergent areas for Lyme disease, [@bib92] and [@bib94] recommend that managers take a proactive rather than reactive management approach to potential health threats so that they can mitigate the risks and deal with the threat more effectively. [@bib107] and [@bib95] recommend the development of a multi-phase management plan to help destinations and/or attractions, accommodations, and other servicing businesses avoid or limit the severity of the threat\'s impact on supply and demand. The plan should address: (1) how to prevent the threat, (2) what to do in the event of, and (3) how to recover. In the later cases, generalizable tourism crisis management guidance is available in the literature (e.g. [@bib34], [@bib107], [@bib138]).

In the specific Lyme disease context, it is strongly recommended that tourism managers become informed and take action to protect visitors and employees from the risk of acquiring Lyme and other tick-borne diseases. Public health authorities should be consulted about the risks for tick-borne disease in the area and any potential "hotspots" for high tick activity and disease risk should be identified and marked. For example, brochures could be provided to visitors upon entry into state or national parks and warning signs could be posted at trail heads, picnic areas, or other high human activity areas where the risk for a tick encounter exists. Similarly, park managers could provide brochures and workshops to employees so that they can be made aware of the risks and the ways to protect themselves and park visitors. In endemic areas, travellers arriving by air or ferry or other could be provided with an informative pamphlet in arrival, departure, or visitors centres. Public health authorities and local pest management experts should be consulted when making tick control decisions at tourism attractions so as to avoid costly, illegal, or harmful mistakes. Where it is feasible or appropriate, tourism managers should seek out a biological tick control expert to recommend strategies for tick and/or wildlife control (e.g. deer fencing). For example, removing leaf litter and cutting back tall grass and brush in high human activity areas is a simple and low cost way to reduce ticks and tick encounters in tourism destinations.

It is also recommended that tourism management stakeholders seek out educational materials from public health authorities and make them available to employees and visitors. In the United States, the CDC has a free toolkit that includes downloadable fact sheets in English, Spanish, and Portuguese and pamphlets and trail signs can be ordered free of charge (<http://www.cdc.gov/lyme/toolkit/index.html>). In Michigan, the public health authority has made available a downloadable fact sheet entitled "Preventing Lyme disease in recreational camp settings" that provides recommendations for staff and visitor protection (<http://www.michigan.gov/documents/emergingdiseases/camp_guidelines_321958_7.pdf>). The California Department of Public Health has developed an interactive website to provide information about infected ticks as part of its statewide vector-borne disease surveillance program. The data on the map represents ticks collected and tested by the California Department of Public Health as well as vector control and public health agencies in the state (<http://cdphgis.maps.arcgis.com/apps/SocialMedia/index.html?appid=8d99fb1135d1424f9d8a8711acb7d459>). This website is a useful model for developing publicly available risk maps for tick-borne diseases in other areas of the world. Tourism managers can provide invaluable information to surveillance programs such as the one in California by reporting tick encounters and providing ticks collected in and around tourism attractions to the local authorities for testing. This information is valuable because it can inform public health authorities about emerging outbreaks and it is a pragmatic way in which the tourism industry can take an active role in the monitoring of tick-borne diseases on a local-to-global scale.

The [@bib135] published the *International Travel and Health* book and it contains authoritative information about the geographical distribution, risk for travellers, and recommended precautions for Lyme disease and a myriad of other health risks (<http://www.who.int/ith/en/>). On a biannual basis, the CDC ([@bib124]) publishes *Health Information for International Travel* or the "Yellow Book" as it is commonly known (<http://www.cdc.gov/features/yellowbook>). While it is written primarily for health practitioners, international corporations, volunteer organizations, travel industry professionals, and travellers often refer to this book for recommendations for addressing health risks and international travel. Making the aforementioned resources available to employees and visitors by providing copies onsite or sharing the web links to these multimedia resources would enable access to authoritative information before, during, and after travel. Tourism managers can use existent resources such as the ones mentioned and/or they can invest in the development of their own communication plan and tools so as to account for the unique risks, visitor or employee demographics, or other conditions specific to their site. For example, Rocky Mountain National Park developed a downloadable brochure that details the health risks and unique ecology associated with ticks in the park (<http://www.nps.gov/romo/planyourvisit/upload/ticks_2008.pdf>). It is also recommended that an occupational risk workshop or training module be offered so as to improve employee knowledge of the risks and the action they can take to prevent the disease and educate visitors.

It must be stressed that regardless of the intervention, whether it be tick control or educational programs, tourism management stakeholders should consult and collaborate with travel health experts and public health authorities if we are to make any gains in tackling this health and safety issue. There is a role for tourism and it is recommended that tourism stakeholders partner with appropriate agencies and organizations, become active in local surveillance efforts, and co-develop educational or other interventions. This breadth of expertise and perspective is required for addressing and yielding positive results with respect to the complexity that is Lyme and tick-borne disease control.

5. Conclusions and future research needs {#sec5}
========================================

This paper has critically reviewed and synthesized the literature concerned with Lyme disease and three human risk factors have been identified. Exposure was confirmed to be the only prognostic factor for infection while knowledge and personal protection behaviour were identified as mediating risk factors. The review noted that the research concerned with these risk factors is lean albeit evolving and there is much to be learned from all relevant scientific domains from anthropology, to entomology, to pathology, to zoology. By extension, there is a lot of work required to translate science into real-world solutions. [@bib98]: 336) state this future research need succinctly: "Academic research on tick-borne diseases must be brought into the real world and effective methods for the prevention of tick-borne disease must be made cheap, easy, and safe." Research funding is best spent developing a vaccine but until such a vaccine is deemed safe for widespread use or an effective tick control method is developed, research concerned with the aforementioned risk factors is needed to better inform public health interventions targeting the minutiae of human behaviour.

In the tourism context, we must first expand beyond our geographical understanding so that we can better understand the spatial reach of Lyme disease and destinations at-risk. Risk maps are commonly used as a decision support tool by public health agencies, the medical community, and those who are tasked with protecting individual or community health. While the [@bib125] makes an updated national risk map (Based on surveillance data) available every few years, there is much for the tourism industry to learn from the fine-scale surveillance and mapping of disease epidemiology, tick populations, human behaviour, and the environment. As previously stated, tourism managers can play an active role in disease surveillance by monitoring and reporting what is happening on the ground at tourism attractions and destinations. In the global context, understanding has been constrained by research primarily focused on North America and Europe. Future research should focus on other endemic and emergent areas of the world. Specific attention should be paid to destinations where nature-based activities are the primary touristic attraction as the potential impact of Lyme and other tick-borne diseases could be significant for destination sustainability.

Research is also needed to better document and predict the scale and scope of the Lyme disease risk associated with human activities and behaviours. In completing this review, it is apparent that behavioural research is an important but inadequately studied aspect of Lyme disease prevention. Activity-based risk research has focused on outdoor activities generally and outdoor work and outdoor recreation specifically. Future research should focus on identifying differences, if at all, between different kinds of outdoor work and/or outdoor recreation activities. Insight into these differences would certainly help tourism managers categorize the risks and plan accordingly. Decisions concerning personal protection against Lyme disease are made at the individual level yet little is known about perceptions of risk and other potential catalysts for protective behaviour. Future research should focus on identifying unknown factors and better understanding known factors as well as their influence on an individual\'s choice to engage in protective behaviour. In the tourism context, the catalyst(s) may be different between the general population, tourists, and outdoor workers and this certainly requires research investments if the industry is to plan a response.

Future research should also be concerned with improving our very limited understanding of the impacts that Lyme disease is having on the tourism industry. Based on this review, we can surmise that it is having an impact on employee health, travel choices, and the economic sustainability of tourism in endemic areas but empirical research is needed to identify the scale and scope of past, present, and future impacts. Theoretically driven research is needed to improve our knowledge of the relationships between public health, tourism, and the natural environment so that tourism management stakeholders can be empowered to be active agents in evolving and transdisciplinary efforts to prevent, manage, and recover from Lyme disease outbreaks.
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